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(54) MANUFACTURE OF MAGNET ARRAY AND LIGHT SOURCE USING THE SAME 

(57)Abstract: 

PURPOSE: To miniaturize a light source by periodically radiating a 
rare earth element magnet plate spatially at a predetermined 
interval with a radioactive ray to demagnetize while applying a 
reverse magnetic field to the magnet plate unidirectionally 
magnetized in a thickness direction, and simultaneously applying the 
reverse magnetic field to invert the magnetization. 
CONSTITUTION: A permanent magnet magnetic circuit for applying 
a reverse magnetic field made of a permanent magnet 2 and a yoke 
3 is manufactured, and a magnetized rare earth element permanent 
magnet plate 1 is inserted into an air gap 6. An electron beam 4 is 
radiated from an upper direction, and radiated to the plate 1 from a 
gap 5. Thus, a reverse magnetic field is generated in the plate 1 31 
unidirectionally magnetized in the thickness direction, and the 
magnetization of the radiated site is inverted. Thus, the short period ^ 
length of the magnet array in which the magnets periodically 
inverted in the magnetizing direction of the magnets can be realized 
without forming a thin plate magnet. 
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(57) [Abstract] (******) 

[Objects of the Invention] Production of the small insertion light 
source. 

[Elements of the Invention] In the manufacture approach of a magnet 
train of coming to arrange the magnet which the magnetization direction 
of each magnet reverses periodically Impressing a backing field to the 
rare earth permanent magnet plate by which one direction magnetization 
was carried out in the thickness direction The manufacture approach of 
the magnet train which consists of irradiating a radiation periodically 
at fixed spacing spatially at this magnet plate, demagnetizing the 
exposure part of this magnet plate, and impressing and carrying out flux 
reversal of the reverse magnetic field to coincidence, and the insertion 
light source which comes to use this magnet train. 
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CLAIMS 



[Claini(s)] 

[Claim 1] The manufacture approach of the magnet train characterized by 
to irradiate a radiation periodically at fixed spacing spatially at this 
magnet plate, to demagnetize the exposure part of this magnet plate, and 
to impress and carry out the flux reversal of the reverse magnetic field 
to coincidence, impressing a backing field to the rare-earth permanent 
magnet plate with which the one direction magnetization of the 
magnetization direction of each magnet was carried out in the thickness 
direction in the manufacture approach of a magnet train of coming to 
arrange the magnet reversed periodically. 

[Claim 2] The manufacture approach of a magnet train according to claim 
1 that a radiation is an electron ray. 

[Claim 3] Impression of a backing field The manufacture approach of 
claim 1 performed by one teslas or more using a NdFeB magnet, or a 
magnet train given in either of 2. 

[Claim 4] The insertion light source characterized by coming to use the 
magnet train manufactured by one approach of claims 1-3 in the insertion 
light source which the magnetization direction of each magnet counters 

and arranges the magnet train which comes to arrange the magnet reversed 
periodically, and comes to prepare the opening for passage of a 
corpuscular ray between these magnet trains. 

[Claim 5] The insertion light source according to claim 4 whose cycle 
length of reversal of the magnetization direction of a magnet train is 
5mm or less. 

[Claim 6] Claim 4 which comes to arrange this magnet train under a 
vacuum, or the insertion light source given in either of 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the insertion light 
source which comes to use the manufacture approach of a magnet train, 
and this magnet train. 
[0002] 

[Description of the Prior Art] The insertion light source which consists 
of a permanent magnet or a permanent magnet, and magnetic material (iron 
and iron cobalt alloy) is inserted in the form whose vacuum chamber the 
straight-line part of an electron accelerator (or electronic storage 
rings) pinches, and generates the periodic magnetic field of the letter 
of a sign all over the opening between magnet trains (refer to drawing 
1 ). The high-speed electron which turns around the inside of an 
accelerator performs meandering movement by this periodic magnetic field, 
and produces synchrotron orbital radiation from each point moving in a 
zigzag direction (Halbach, Nuclear Instruments and Method 187, (1981), 
109). 

[0003] There are wiggler mode and undulator mode with extent of 
meandering. In wiggler mode, it is superimposed on the synchrotron 
orbital radiation generated from each point moving in a zigzag direction, 
and the synchrotron orbital radiation of 1,000 times [ 10 times to ] as 
high power as the synchrotron orbital radiation from a deviation 
electromagnet is obtained. On the other hand, the synchrotron orbital 
radiation generated from each meandering movement in undulator mode 
interferes, and a light of wiggler light powerful about further 10 to 
1,000 times is obtained with a fundamental wave and its high order light. 
Wiggler mode or undulator mode can be classified according to the 
parameter called K value. In the case of not more than 1 order or it, K 
value serves as an undulator, and it becomes a wiggler in K value beyond 
it. 

[0004] Since the synchrotron orbital radiation power by the insertion 
light source needs to lengthen the bay of an electron accelerator which 
the big insertion light source of periodicity is desirable as much as 
possible, and installs the insertion light source for that purpose since 
it is proportional to magnet periodicity and it needs to enlarge an 



accelerator, it has a limitation in respect of a technique and cost. 
[0005] In order to make an accelerator small, it is effective to shorten 
cycle length of the insertion light source. However, when shortening 
cycle length, opening length must be made short to coincidence. When 
opening length is large, the magnetic flux which came out of a certain 
magnetic pole as shown in drawing 2 is for not going in the direction of 
an opposite magnetic pole (dotted line of drawing 2 ), but flowing to 
the direction (continuous line of drawing 2 ) of a contiguity magnetic 
pole. One standard of cycle length and opening length is cycle length = 
opening length. Therefore, when cycle length is 5mm or less, opening 
length also needs to make it 5mm or less extent. If the vacuum chamber 
put in between the openings of the insertion light source is narrowed in 
this way, it becomes high, and it will become impossible to attain a 
need degree of vacuum, and an impedance will come to cut in long 
duration to vacuum suction. 

[0006] In order to realize short cycle length's insertion light source, 
the vacuum lock mold insertion light source is devised (Kitamura; Review 
of Scientific Instrument 63 (1), (1992), and 400). In a vacuum lock mold, 
since one pair of magnet trains are installed in a vacuum chamber, 
constraint of degree of vacuum achievement is lost and becomes possible 
[ shortening magnet opening length ]. In the case of a vacuum lock mold, 
opening length cannot necessarily be shortened without limit. As an 
inhibition factor, although punishment ** of an electronic beam diameter, 
the impedance of a vacuum system, and magnet magnetic properties, the 
magnetic field measurement approach, the adjustment approach, etc. are 
mentioned, the factor especially related to the magnetic properties of a 
permanent magnet is important. 
[0007] 

[Problem(s) to be Solved by the Invention] In the insertion light source, 
it is sintering of a rare earth magnet. Many NdFeB magnets are used, and 
this type of magnet has high magnetic properties, and is easy to 
magnetize. Therefore, since it is convenient for generating a high 
magnetic field all over an opening and there is little dispersion in the 
property between the magnets by magnetization, it is suitable for 
realizing precise magnetic field distribution. For this reason, although 
generally used to the insertion light source, when realizing the 
insertion light source of a short period, a problem arises. For example, 
in order to realize cycle length's 5mm or less insertion light source, 
it has the thickness around 1mm. A NdFeB magnet is required. 
[0008] With a NdFeB magnet, production of the magnet of thin meat 
produces property degradation by processing, although polish processing 



and cutting processing realize. Since area/volume ratio becomes large 
and surface area becomes large relatively, it becomes impossible to 
disregard processing degradation with a magnet 1mm or less, although 
processing degradation hardly becomes a problem with the thick magnet 
more than mm order since area/volume ratio is small. 

[0009] Since it is especially superimposed on dispersion in the property 
by processing degradation by the case where the homogeneity of the 
magnetic properties of each magnet is required, like the insertion light 
source in addition to dispersion in the usual magnetic properties, it is 
a serious problem. Light-gage It is not so effective, although heat- 
treating after giving magnetic heat treatment and magnetic rare earth 
metal covering to a magnet is reported in order to ease processing 
degradation of a NdFeB magnet. 
[0010] 

[Means for Solving the Problem] This invention is what manufactures 
short cycle length' s magnet train by improvement of the magnetization 
approach, without performing light-gage processing of a NdFeB magnet, in 
order to realize short cycle length's insertion light source. This In 
the manufacture approach of a magnet train of coming to arrange the 
magnet which the magnetization direction of each magnet reverses 
periodically Impressing a backing field to the rare earth permanent 
magnet plate by which one direction magnetization was carried out in the 
thickness direction Irradiate a radiation periodically at fixed spacing 
spatially at this magnet plate, and the exposure part of this magnet 
plate is demagnetized, the manufacture approach of the magnet train 
characterized by impressing and carrying out flux reversal of the 
reverse magnetic field to coincidence — and The magnetization direction 
of each magnet counters and arranges the pair of a magnet train which 
comes to arrange the magnet reversed periodically, and let the insertion 
light source characterized by coming to use this magnet train be a 
summary in the insertion light source which comes to prepare the opening 
for passage of a corpuscular ray between these magnet trains. 
[0011] Namely, since magnetization of an exposure part can be reversed 
by inserting the rare earth permanent magnet plate by which one 
direction magnetization was carried out in the thickness direction all 
over the magnetic circuit which generates a reverse magnetic field, and 
irradiating a radiation at this It finds out that the thing of the short 
cycle length of a magnet train who comes to arrange the magnet which 
reversed the magnetization direction of each magnet periodically, 
without carrying out sheet metal magnet processing is realizable. By 
this The insertion light source of the high periodicity in comparatively 



short die length is producible, by using this insertion light source for 
a small electron accelerator, it became clear that powerful synchrotron 
orbital radiation could be generated, many things were examined, and 
this invention was completed. 

[0012] This invention processes a rare earth permanent magnet into the 
thickness below mm unit, and combine it as usual, and it does not 
constitute the insertion light source, but the big magnet plate which 
corresponds more than several round term part is produced. It is the 
main point of this invention by forming flux reversal periodically by 
demagnetization and reverse magnetic field magnetization to be able to 
form the magnet train which arranged many small magnets which reversed 
the magnetization direction periodically, and to produce the insertion 
light source using this. The main point of the technique for 
implementation of the insertion light source which has the short cycle 
length of this invention is a point which demagnetizes periodically 
those with two, and the rare earth permanent magnet plate which 
magnetized one uniformly to the one direction at fixed spacing by 
radiation irradiation, and another is the point of impressing and 
carrying out flux reversal of the reverse magnetic field to the 
demagnetized part. 

[0013] If demagnetization by radiation irradiation is explained first, 
demagnetizing a rare earth magnet by a certain kind of radiation 
irradiation is known. It sinters especially. It is known that it will be 
easy to demagnetize the rare earth magnet which has a coercive force 
device of the generation length mold from a nucleus like a NdFeB magnet 
or a sintering 1-5 mold SmCo magnet by radiation irradiation as compared 
with a sintering 2-17 mold SmCo magnet. Demagnetization of this rare 
earth magnet does not necessarily occur with what kind of radiation, 
either, tends to occur with corpuscular rays, such as a proton, an 
electron, and a neutron, and hardly occurs through a gamma ray or an X- 
ray. For example, this invention persons are produced by relativistic 
high-speed electron beam irradiation. It is announcement] in [Japanese 
Society for Synchrotron Radiation Research (1993) which reported 
demagnetization of a NdFeB magnet. 

[0014] The device of demagnetization is not clear, although it is not 
accompanied by organization change of a magnet about the demagnetization 
effectiveness by electron beam irradiation and it is clear that it is 
not heat demagnetization according [ and ] to a temperature rise, either. 
The demagnetization model qualitatively shown in drawing 3 (a) can be 
considered. That is, if an electron ray is irradiated at the magnet 
magnetized in the fixed direction, the exposure part is magnetized in 
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the mutually different direction, as shown in drawing 3 (b) and a 
(enlarged drawing), and it is possible that this negates each other and 
is demagnetized. Thus, since permanent degradation of organization 
change etc. is not caused by electron beam irradiation, a magnet will be 
recovered to the original magnetic-flux value, if it re-magnetizes. 
[0015] When it was going to demagnetize the magnetized magnet plate 
partially, in the heat demagnetization by heat impression, for the heat 
distortion by diffusion of heat, or the anisotropy of coefficient of 
thermal expansion, the boundary line of a demagnetization field did not 
fade and only the magnet plate below a certain thickness was able to 
carry out partial demagnetization for the crack by heat distortion. On 
the other hand, since demagnetization occurs in a nonthermal process in 
the case of radiation division electron beam irradiation, the boundary 
of a demagnetization field and a non-demagnetizing field is clear, and 
it is possible to demagnetize only a desired field. Of course, although 
a certain amount of temperature rise occurred by electron beam 
irradiation, when especially adjusting coercive force, it understood the 
magnetic properties of an exposure or a magnet plate and that only an 
electron-beam-irradiation field can be made to demagnetize. Because, 
since generating heat uniformly by the exposure part rather than a high- 
speed electron' s permeating to the interior of a magnet and also 
diffusing heat from a front face and electron beam irradiation are given 
by the repeat exposure of a short-time pulse, substantial irradiation 
time is short and is for a temperature rise not exceeding 80 degrees C, 
either. Since a magnetic field can perform position control of an 
electron ray to a precision, it is easy position control to perform 
electron beam irradiation at intervals of about 1mm required of short 
cycle length's insertion light source. 

[0016] Thus, the energy intensity of an electron ray required to cause 
magnetic demagnetization is 5-20MeV preferably that what is necessary is 
just 1 or more MeVs. When this exceeds 20MeV(s), there is a problem of 
activation of a magnet ingredient. 

[0017] Although reverse magnetic field impression can be performed in 
the magnetic circuit using an electromagnet, and the pulse magnetic 
field and permanent magnet by the air cored coil, the whole is made as 
for it to a compact. A NdFeB system permanent magnet magnetic circuit is 
desirable. For example, as shown in drawing 4 , the permanent magnet 
magnetic circuit for the reverse magnetic field impression which 
consists of a permanent magnet 2 and York 3 is produced, and the 
magnetization rare earth permanent magnet plate 1 is inserted in an 
opening 6. An electron ray 4 is irradiated from the direction of the 



upper part, and an electron ray 4 is irradiated from a clearance 5 at 
this magnet plate 1. By moving in either this magnet plate or a 
permanent magnet magnetic circuit, electron beam irradiation can be 
performed at fixed spacing under reverse magnetic field impression. In 
the permanent magnet magnetic circuit which impresses a reverse magnetic 
field, the magnetic field strength generated in an opening 6 has good 
one teslas or more. This magnet plate 1 is magnetized by hard flow at 
fixed spacing, and fixed cycle length's magnet train is acquired. At the 
time of electron beam irradiation, since demagnetization and a 
temperature rise happen to coincidence, the coercive force of this 
magnet plate is less than a reverse magnetic field at this time, and it 
is expected that magnetization by the reverse magnetic field takes place. 
[0018] Since reverse magnetic field impression of this magnet plate that 
carried out one direction magnetization is carried out, the temperature 
rise accompanying the demagnetization and it by electron beam 
irradiation magnetizes flux reversal to a lifting and hard flow easily. 
By repeating this at fixed spacing, the magnetization direction can 
produce the magnet train by which reversal magnetization was carried out 
by turns a short period. Since there is no organization change of the 
rare earth permanent magnet by electron beam irradiation, there is also 
no change of the magnetic properties of a reversal field, and it is 
satisfactory. Thus, by combining two or more produced magnet trains, 
short cycle length's insertion light source is producible. 
[0019] The rare earth permanent magnet plate used for this invention is 
a formula. It is expressed with R(FeCo) BT. La, Ce, Pr, Nd, Sm, Eu, Gd, 
Tb in which R contains Y here, They are one sort or two sorts or more of 
rare earth elements chosen from Dy, Ho, Er, Tm, Yb, and Lu. T was chosen 
from from among aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Zn, Ga, Zr, Nb, 
Mo, Sn, Hf, Ta, and W. It is the sintered magnet which makes NdFeB a 
subject. 

[0020] Using the magnet train produced by the above-mentioned approach 
two or more, the insertion light source of this invention arranges a 
magnetization side face to face, as shown in drawing 1 , between these 
magnet trains, prepares an opening for a corpuscular ray to pass and 
changes. Although the die length of the straight-line part of this 
insertion light source becomes settled by the reversal cycle length of a 
magnet train, since this cycle length can be made into a thing 5mm or 
less and the insertion light source can be miniaturized, in the case of 
the magnet train of this invention, it can be made into the vacuum lock 
mold insertion light source which has arranged this under a vacuum. 
[0021] 



[Function] In the manufacture approach of a magnet train of coming to 
arrange the magnet with which the magnetization direction of each magnet 
reverses this invention periodically Impressing a backing field to the 
rare earth permanent magnet plate by which one direction magnetization 
was carried out in the thickness direction It is what makes a summary 
the insertion light source which comes to use the manufacture approach 
of the magnet train which consists of irradiating a radiation 
periodically at fixed spacing spatially at this magnet plate, 
demagnetizing the exposure part of this magnet plate, and impressing and 
carrying out flux reversal of the reverse magnetic field to coincidence, 
and this magnet train. According to this invention, suppose that the 
insertion light source can be miniaturized. 
[0022] 

[Example] This invention is described about an example below. 
50mm width produced with the example 1 powder sintering process The 
NdFeB system magnet was magnetized, this — The magnetic properties of a 
NdPeB sintered magnet were Br=12. 5kG, iHc=18k0e, and (BH) max=37. 2MG0e. 

Subsequently, the magnetic field which shows this magnetization magnet 
to drawing 4 set to the direction of a field and reverse of a magnetic 
field in the permanent magnet magnetic circuit for reverse magnetic 
field impression of llkG(s), and from the exposure hole of 1mm width, 
when energy irradiated the electron ray of lOMeV(s) at intervals of 2mm 
during 60 minutes at the magnetization section, the cycle length who has 
a magnetization pattern as shown in drawing 5 was able to get the 2mm 
magnet. 

[0023] Using eight magnet trains acquired in the example 2 example 1, 
this magnet is made to counter four pieces at a time, and a straight- 
line part is 2mm of cycle length, and periodicity at 20cm. The insertion 
light source of 100 was produced, in addition — the insertion light 
source of the conventional arrangement among atmospheric air — 
periodicity 100 — realizing — 200-300cm Since die length was required, 
the direct part of the insertion light source was able to be made or 
less [ conventional ]'into 1/10. 
[0024] 

[Effect of the Invention] Since the magnet train which the reversal 
period of a magnetization pattern sets to 5mm or less by the approach of 
this invention is acquired, the small insertion light source is 
producible using this. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] Drawing showing an example of the insertion light source. 
[Drawing 2] Drawing having shown the flow of magnetic flux when opening 
length is long according to the insertion light source. 
[Drawing 3] (a) is the model Fig. showing the demagnetization device by 
electron beam irradiation, (b) is the enlarged drawing of an electron- 
beam-irradiation part. 

[Drawing 4] The model Fig. showing the manufacture approach of the 
magnet train by the reverse magnetic field impression permanent magnet 
magnetic circuit. 

[Drawing 5] Drawing showing an example of the magnetization pattern of 
the magnet train produced by the approach of this invention. 
[Description of Notations] 

1 — Rare earth permanent magnet plate 

2 — Permanent magnet 

3 ~ York 

4 — Electron ray 

5 — Clearance 

6 — Opening 

7 — The magnetization direction 

8 — The direction of a reverse magnetic field 
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DRAWINGS 



[Drawing 2] 
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[Drawing 5] 
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[Drawing 1] 




[Drawing 3] 
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